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m any  social species [9]. O o p h ag y , as 
ou tlined  above, m ay also be a p lausible  
first step in the  evo lu tion  o f  tro p h ic  egg 
p ro d u c tio n  by w orker bees as fo u n d  in 
eusocial species such as in the  M elipo- 
nini [ 10].
This research was partly  f inanced  by 
g ran ts  from  the D eu tscher A k a d e ­
m ischer A ustauschd iens t and  from  the 
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Received February 24 and October 3, 1989
1. Michener,  C. D.: The Social Behavior 
o f  the Bees: A Comparat ive  Study. H a r ­
vard Univ. Press 1974
2. Gerling, D., Hurd ,  P. D.,  J r . ,  Hefetz,  
A.:  Smithson. Contr ib .  Zool.  369, 1 
(1983)
3. Velthuis, H. H. W .:  Exp. Suppl. 54, 405 
(1987)
4. Velthuis, H. H. W.,  Wolf,  Y., Gerling, 
D.: Israel J. Entomol.  18, 39 (1984)
5. Gerling, D., H erm ann ,  H. R.: Behav. 
Ecol. Sociobiol. 18, 363 (1978)
6. Sakagami,  S. F., Maeta,  Y., in: Animal 
Societies: Theories and Facts, p. 1 (Ito, 
Y., Brown, J. L., Kikkawa, J . ,  eds.). 
Tokyo:  Japan  Sei. Soc. Press 1987
7. Hamilton,  W. D.:  J. Theor.  Biol. 7, 1 
(1964)
8. Sherman, P. W.,  in: Natural  Selection 
and Social Behavior: Recent Research 
and New Theory,  p. 311 (Alexander, R.
D., Tinkle, D. W.,  eds.). New York: 
Chiron 1981
9. Watmough,  R. H . :  J. Anim. Ecol. 52,
111 (1983)
10. Sakagami, S. F., Beig, D., Zucchi,  R., 
Akahira,  Y.: Rev. Brasil. Biol. 32 (2), 
115 (1963)
Naturwissenschaften 77, 4 0 - 4 1  (1990) ©  Springer-Verlag 1990
Umbra pygmaea, an Acid-tolerant Fish
C. den H arto g
L a b o ra to ry  o f  A q u a tic  E cology, C a th o lic  U niversity , NL-6525 ED  N ijm egen 
S. E. W ende laar  B onga
D epartm en t o f  A nim al P hysio logy , C a tho lic  U niversity , NL-6525 ED  N ijm egen
U m bra  p y g m a e a  (De Kay) (Fig. 1) is a 
small fish species th a t was in tro d u ced  
in to  the N etherlands in the  1920s. Its 
original area  o f  d is tr ib u tio n  is in the 
eastern  U SA . T o d ay  it is w idespread  in 
the sou th -eas te rn  part o f  the  N e th e r­
lands and  in the  p rov ince o f  L im burg  in 
Belgium, w here it is particu la rly  a b u n ­
dan t in acidified so ft-w a te r  ecosystem s 
with a low p H , such as m o o rlan d  pools 
(“ v en n en ” ), and  usually  the only  fish 
species [1, 2]. It can be fo u n d  as well in 
c ircum neu tra l w aters bu t there , 
p robab ly  due to  p red a tio n  by large fish, 
Quantities are low.
This fish is very well ad ap ted  to  survive 
adverse c ircum stances, such as p o o r  ox ­
ygen cond itions , ex trem e tem p era tu res , 
high acidity  and  also te m p o ra ry  de­
siccation o f  its en v iro n m en t. T he  swim 
b ladder plays an essential role as an 
add itiona l resp ira to ry  o rgan  [3, 4]. As 
the ventral and  pectora l fins can be 
m oved independen tly , it can no t only 
swim in the  w ater, bu t can  m ove 
equally  well in the m ud  at the  b o tto m . 
T he  fish is, how ever, qu ite  sluggish,
m aking  it an easy prey fo r  larger fish 
and  fish-eating  birds.
In the m o o rlan d  pools  U. p y g m a e a  is 
particu larly  a b u n d a n t  (up  to  2 0  kg 
h a “ 1) in w aters with an  a lkalin ity  less 
than  0.1 m eq l “ 1, a pH  range  betw een 
3 . 5 - 4 . 0 ,  and  a C a : ’ co n ce n tra tio n  o f  
less th an  lOOjiimol l “ 1. T he  species has 
even been found  at a C a :+ c o n c e n tra ­
tion as low as 15 p m o \  1 _1 [2]. T he  low ­
est pH  level at which the  fish has been 
observed  u n d er n a tu ra l  co n d itio n s  is
3.2. In the la b o ra to ry  the  fish could  be 
kept at a pH  o f  2.8 (i.e ., the  lowest pH 
value ever m easured  in a D u tch  aquatic 
env ironm en t) , a lth o u g h  with con­
siderable m o rta li ty  [3].
In general, fish exposed  to  acid w ater at 
pH  5 or lower show  considerab le  loss of 
ions, m ainly via the  gills. T his leads to a 
d ro p  in p lasm a electro ly tes, w hich is 
considered  the m a jo r  cause o f  d ea th  in 
acid w ater and  which usually  occurs be­
low pH  4 - 4 . 5 .  U. p y g m a e a  m aintains 
no rm al b lood  p lasm a osm olarity  and 
ion levels at low p H , even in very soft 
freshw ater [2]. O ne o f  the m or­
phological fac to rs  th a t co n tr ib u te s  to 
this to le rance  is the  gill s tru c tu re . The 
gill ep ithelium  is the m ost vulnerable 
site o f  a fish an d  decreased  branchial 
ion u p tak e  and  increased b ranch ia l per­
m eability  accoun t fo r m ost o f  the net
Fig. 1. Umbra pygmaea (De Kay, 1842)
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ion losses in acid w ater. In U. p y g m a e a  
the relative gill su rface  a rea  is small 
when co m p ared  to o th e r  fish (T ab le  1). 
The ep ithelium  covering  the  gills in­
creases in th ickness in w ater o f  pH  3.5 
when co m p ared  to  p H  4 or 4.5 [5]. This 
structure u n d o u b te d ly  limits the oxygen 
uptake capacity  o f  the gills. T h is low 
capacity is p ro b ab ly  co m p en sa ted  for 
by the swim b lad d e r, w hich fu n c tions  
as an accessory re sp ira to ry  o rg an , and  
has a resp ira to ry  su rface  twice th a t o f  
the gills [3].
Under acid c ircum stances in the  pH  
range o f  3 . 5 - 4 . 0  the  fish seems to 
function op tim ally . T he  m ales reach a 
length o f  8 .4 c m , while the fem ales m ay 
reach a size o f  13 .4cm . T he  m ax im um  
age tha t could  be estab lished  is 8 years. 
The fish becom es m a tu re  w ith in  a year.
Table 1. Surface area o f  gill lamellae (m m 2 
per g body weight) o f  U. pygmaea  (pers. o b ­
servations) and other teleost species (data 
from [9])
Umbra pygmaea (De Kay) 136
Callionym us lyra L . 168
Coitus bubalis Euphrasen 453
Tinea tinea (L.) 383
Sal mo trutta L. 339
Traehurus traehurus (L.) 745
A ntagonistic behav io r, leading to  the 
form ation o f  rep ro d u c tiv e  ran k  o rders , 
is know n to  play an im p o r ta n t  ro le  in 
the con tro l o f  re p ro d u c tio n  in colonies 
of social insects. H ierarch ies  have been 
reported fro m  bum blebees as early as 
1802 [ 1], and  they  have been s tud ied  in 
detail in several species o f  w asps (e .g .,  
[-]). In an ts , d o m in an ce  in te rac tions  
are know n to  occu r am o n g  c o fo u n d ­
resses in young  colonies [3, 4], am o n g  
workers [ 5 - 7 ] ,  and  am o n g  virgin
T he m a tu ra t io n  o f  the  g o n ad s  takes 
place from  O c to b e r  to  A pril. T he  
fem ale deposits  1 0 0 - 1 2 0 0  eggs (size 
1 . 8 - 1.9 m m ) in A pril and  M ay. A t a 
tem p era tu re  o f  10 °C  ha tch ing  takes 
place a f te r  14 days. T he  larvae are then  
5 m m  and  still have a yolk sac. W hen 
they have grow n to  7 m m  the yolk has 
been used up  com pletely . Possib ly  the 
paren t fish takes care  o f  the fry, since 
during  the w hole rep ro d u c tio n  season 
the fish live in pairs.
Also eggs and  fry seem extrem ely to l­
eran t to  acid w ate r; these were o b ­
served in pools with a w ater pH  > 3 .5  
[2]. In o th e r  species o f  fish, eggs and  
fry are  usually  very sensitive to  low pH  
[6 ]. N o tem pera te  fish species o ther 
than  U. p y g m a e a  is know n to  us tha t 
rep roduces  successfully below  pH  4.5. 
T he food  consists m ainly  o f  ben th ic  in­
vertebra tes , and  a small zo o p la n k to n  
co m p o n en t.  N em ato ce ra  fo rm  8 4 %  o f  
the food  [2 ]; consequen tly  the  fish m ay 
be applied  as a co n tro l agent fo r m o s­
quitos in acidified w ater system s.
In the last fou r decades at least 60 °7o o f  
the D utch m o o rlan d  pools have been 
acidified [7]. This resu lted  in fu n d a ­
m ental changes in the  aq u a tic  vegeta­
tion and  a s trong  red uc tion  in the  m i­
crobiological activity  in d eco m p o sitio n  
processes [8 ]. T he changed  cond itio n s  
have also had  p ro fo u n d  consequences
females [8 ], but little a t ten tio n  has been 
paid  to  the behav io r o f  insem inated  
females in established colonies. I here 
report the first case o f  linear d o m i­
nance h ierarchies am o n g  insem inated  
females in m a tu re  colonies o f  an ts . 
(A dd itiona l d a ta  will be p resen ted  in 
m ore  detail by J . H einze und  T . A. 
Sm ith .)
In incipient colonies o f  the  A ustra lian  
m eat an t, Ir id o m y rm e x  p u rp u reu s , the 
co foundresses  engage in ritualized  an-
for the fau n a . A t p resen t the  fa u n a  o f  
the acidified m o o rlan d  pools  is m ainly  
com posed  o f  insect larvae, w ater 
beetles and  w ater bugs. In these system s 
U m bra  p y g m a e a  and  the  larvae o f  O do- 
n a ta  function  as to p  p re d a to rs .  In som e 
pools these are pe rh ap s  kept in check 
by grebes. F u rth e r  research  is needed to 
confirm  the la tte r aspect.
Received April 27 and September 18, 1989
1. Leuven, R. S. E. W.,  Oyen, F. G. F.: 
J. Fish. Biol. 31, 753 (1987)
2. Dederen, L. H. T. ,  et al.: ibid. 28, 307 
(1986)
3. Dederen, L. H. T . ,  Wendelaar Bonga, S.
E., Leuven, R. S. E. W.:  Ann.  Soc. Roy. 
Zool. Belg. 117, Suppl. 1,277(1987)
4. Leuven, R. S. E. W.,  Oyen, F. G. F.,  
Geelen, J. F. M.:  N a t u r a 81, 271 (1984)
5. Flik, G. ,  et al.: Ann. Soc. Roy. Zool. 
Belg. 117, 285 (1987)
6. Wendelaar Bonga, S. E., Dederen, L. H. 
T . :  Endeavour 10, 198 (1986)
7. Leuven, R. S. E. W.,  et al.: Water  Air 
Soil Pollut. Jö, 387 (1986)
8. Den Hartog,  C.,  Schuurkes,  J. A. A. R., 
in: Acid Rain: Scientific and Technical 
Advances, p. 439 (R. Perry et al., eds.). 
London 1987
9. Hughes, G. M.:  J. Exp. Biol. 45, 177 
(1966)
ten na tion  bou ts , which result in a lower 
frequency o f  egg-laying by the su b ­
o rd in a te  female. O nce the co lony  grow s 
larger, the queens escape d o m in an ce  
conflicts by perm anen tly  separa ting  
w ithin the nest (oligogyny) [4]. In 
established colonies with several fertile 
females (polygyny), how ever, the 
queens are o ften  fo u n d  clustered  to ­
gether or seem to ignore each o th e r ’s 
presence. Indiv idual fem ales in poly- 
gynous nests o f  the fire an t,  S o len o p sis  
invic ta  [9], o r  the A rgen tine  an t,  Iri­
d o m y rm e x  h um ilis  [ 10], m ay d iffe r 
substan tia lly  in their rep roduc tive  suc­
cess. It has been suggested tha t d if ­
ferences in fecundity  result from  in­
trinsic physiological fac to rs  [10]. In 
L e p to th o ra x  (M yra fa n t)  cu rv isp in o su s , 
d ifferen tia l rep ro d u c tio n  is caused  by 
the way individual queens hand le  the
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